The prevalence of vascular dementia (VaD) is high among the elderly. Acupuncture, a popular therapeutic method in China, can improve memory, orientation, calculation, and self-managing ability in VaD patients. However, in clinical acupuncture and acupuncture research, the selection of acupoints to treat VaD remains challenging. This study aimed to discover acupoints and acupoint combinations with potential for VaD based on data mining. After database searching and screening for articles on clinical trials evaluating the effects of acupuncture on VaD, 238 acupuncture prescriptions were included for further analysis. Baihui
Introduction
The selection of acupoints plays a critical role in the therapeutic effects of acupuncture. However, the selection of proper acupoints remains challenging, contributing to the limited therapeutic effects and application of acupuncture. Data mining has been used to discover potential acupoints from the expansive relevant literature. This method has been used to suggest acupoints on the Shaoyang Meridian for migraine treatment based on their high frequency in the literature [1] . Based on the results of data mining, a subsequent clinical trial confirmed that acupuncture was effective for the treatment of migraine and that acupoints on the Shaoyang Meridian were more effective than acupoints on other meridians [2] . Data mining has also been used to discover potential Chinese herbs for the effective treatment of specific diseases [3, 4] . These results support data mining as a promising method to discover acupoints with potential for treating diseases.
Vascular dementia (VaD) refers to cognitive impairment caused by changes in the blood circulation of the brain [5] . Its clinical manifestations include confusion or short-term memory problems, wandering, getting lost in familiar places, walking with rapid and shuffling steps, losing bladder or bowel control, laughing or crying inappropriately, difficulty in following instructions, and problem with counting money and conducting monetary transactions. At the late stage, VaD patients may have severe impairment of basic activities of daily living and lack the capacity to make appropriate decisions regarding their choices and preferences [6] . A recent population-based survey reported that the prevalence of VaD among individuals aged 65 years and older was 1.5% [7] . It has been predicted that dementia will affect 80 million people worldwide by 2040 [8] . The annual cost of care per patient is estimated to be US$17,000-55,200 for severe dementia, placing a heavy economic burden on families and society [9] . Acupuncture, a primary therapeutic method in traditional Chinese medicine (TCM), can improve memory, orientation, calculation, and self-managing ability in VaD patients [10] [11] [12] . The therapeutic effects of acupuncture are achieved via multiple pathways, including antioxidative effects, antiapoptotic effects, and neurotrophic effects [11, [13] [14] [15] . However, acupoint selection remains a challenge in the use of acupuncture to treat VaD. According to our preliminary statistics, more than 100 acupoints distributed in 13 meridians have been recorded in the modern literature for the treatment of VaD. The most effective acupoints for the treatment of VaD and the selection of acupoints for combination remain to be elucidated, representing a major limitation for clinical therapeutic effects and the application of acupuncture for VaD.
To shed some light on the selection of acupoints and acupoint combinations to treat VaD in clinical acupuncture and acupuncture research, this study aimed to discover acupoints and acupoint combinations that have potential to treat VaD via data mining.
Materials and Methods
The flow of information through the various phases of data mining is illustrated in Figure 1 . Western medicine, TCM herbs, nontraditional acupuncture, and TCM acupuncture containing another acupoint prescription which is different from the one in observation group. If the studies compared the therapeutic effects of different acupoint prescriptions, the most effective acupoint prescription was included.
Inclusion Criteria for Considering

Exclusion Criteria
Types of Studies.
Case reports, reviews, systematic reviews, and meta-analyses were excluded.
Types of Participants.
Trials evaluating the therapeutic effect of acupuncture for Alzheimer's disease, traumatic dementia, and other subtypes of dementia were excluded. Studies on animals were also excluded. 
Searching Strategy.
The searching strategy used the following key words: (I) "acupuncture" OR "electroacupuncture" OR "moxibustion" OR "meridian" OR "acupoint"; (II) "dementia" OR "vascular dementia" OR "Alzheimer's disease. "
The searching strategy included literature on acupuncture treatment for Alzheimer's disease (AD) because the modern literature on acupuncture for VaD overlaps with that on AD.
Data Collection.
Two reviewers independently screened the title and abstract of every record retrieved from the literature searches. All potentially relevant articles were investigated as full text in English or Chinese. In cases of disagreement, a trial was included or excluded based on discussion between the two reviewers or after a third reviewer reviewed the information. For duplicate publications, the final publication was used. 
Measurement of Network Properties.
Community structure is a common characteristic of complex networks and is characterized by more dense internal connections within groups of nodes than with the rest of the network. In this study, a hierarchical agglomeration was adopted to detect community structure according to Clauset et al. [19] . We also focused on investigating the set of the most influential nodes in acupoint networks of VaD, defined as the nodes with the highest -core value [20] . The -core method is predominantly used in analyzing social networks. We employed the -core method to obtain the cores of different acupoints. The -core method was implemented as follows. First, all 1-degree nodes were removed, and the nodes were further pruned until no 1-degree nodes remained. The remaining nodes formed the 2-core node set. The pruning process was repeated in a similar manner for other nodes in the network assigned to the corresponding cores (denoted by s). The nodes with the largest -core value were defined as the network core. The degree of each acupoint was also analyzed to measure the involvement of the node in the network. The degree refers to the number of nodes to which a focal node is connected [21] . Betweenness centrality was also used to analyze an acupoint's centrality in the network. Centrality is an important concept for the analysis of networks, and betweenness centrality is one of the most prominent measures of centrality. It is used to measure the degree to which a node is in a position of brokerage by summing up the fractions of shortest paths between other pairs of vertices that pass through it [22] .
Results
Overall Profile of Acupuncture Prescriptions.
Database searching identified 892 records in CNKI, 1084 records in CBM, and 145 records in PubMed. After screening, 238 acupuncture prescriptions in 238 articles were included. Among the 238 trials, 185 are controlled clinical trials (CCTs), while the other 53 trials have no controls. The whole view on the study quality of the 185 CCTs were shown in Figure 2 .
Frequencies of Acupoints and Meridians.
Approximately 109 meridian-acupoints distributed over 13 meridians and 7 extraordinary acupoints have been recorded for 1400 and 133 times, respectively, in modern literature on acupuncture treatment for VaD. The most frequently used meridian was the Governor Meridian (477 times). Other frequently used meridians included the Gallbladder Meridian of Foot 
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Figure 3: The 20 most frequent acupoints and their frequencies.
Shaoyang and the Stomach Meridian of Foot Yangming, which were reported for 218 and 124 times, respectively. Extraordinary acupoints were also frequently used. Baihui (GV 20), Sishencong (EX-HN 1), Fengchi (GB 20), Shuigou (GV 26), and Shenting (GV 24), which were among the top five acupoints in frequency, were recorded for 176, 124, 93, 86, and 84 times, respectively. The frequencies of each meridian and acupoint are shown in Table 1 . The twenty most frequently used acupoints are shown in Figure 3. 
Frequencies of Acupoints on Different Body
Parts. Acupoints on the head, face, and neck were used most frequently, with a total number of 42 acupoints and a total frequency of 766 times, followed by acupoints on the lower limbs (383 times), upper limbs (214 times), back and lumbar (127 times), and chest and abdomen (43 times) (Figures 4(a) and 4(b) ). Table 2 . Evidence-Based Complementary and Alternative Medicine 3.6. Community Structure. Community detection resulted in the division of the 116 acupoints into 5 communities. Nodes of the same color belong to the same community. The community structure is shown in Figure 5 (a). Community detection divided the acupoints into 5 communities. Acupoints within the same community have some characteristics in common. Blue nodes (Community A) were all Jing-Well acupoints. Yellow nodes (Community B) were all acupoints on the face and head. Most green nodes (Community C) were acupoints on the four limbs. Most purple nodes (Community D) were acupoints belonging to Governor Vessel. Most red nodes (Community E) were specific acupoints or acupoints with specific therapeutic effects, and only this community contained Bach-Shu acupoints and acupoints on the abdomen. Acupoints within the same community were more densely connected with each other compared with acupoints from different communities, indicating that an acupoint was more often used with acupoints within the same community compared with acupoints within other communities. , and Neiguan (PC 6) had the highest degrees. This result indicates that these 5 acupoints have been combined with more acupoints than other acupoints. These acupoints have specific therapeutic effects on VaD. Therefore, these acupoints can be used together with other acupoints to enhance therapeutic effects.
Frequencies of Specific
Discussion
Potential Acupoints and Combinations for
Yongquan (KI 1), Baihui (GV 20), Sishencong (EX-HN 1), Neiguan (PC 6), and Shenting (GV 24), which belonged to 4 different communities, had higher betweenness centrality. Yongquan (KI 1), which had the highest betweenness centrality, did not have a relatively high degree. However, it connects Jing-Well acupoints with other types of acupoints, resulting in a high betweenness centrality. Acupoints with higher betweenness centrality play an important role in connecting different types of acupoints. Jing-Well acupoints, except Yongquan (KI 1), were often used with other Jing-Well acupoints only. Yongquan (KI 1) was not only used with other Jing-Well acupoints but also with other types of acupoints, such as other types of specific acupoints, nonspecific acupoints, and acupoints on other parts. -HN1  GB20  GV24  PC6  SP6  GV14  GV26  GV16  HT7  LI4  KI3  ST36  ST40  LV3  GB13  EX-HN3  BL10  GB39  LI 11 Degree KI1  GV20  EX-HN1  PC6  GV26  GB20  GV24  GV14  SP6  EX-HN3  HT7  LI4  KI3  GV16  BL10  LV3  ST40  ST36  GB13  PC9 Betweenness centrality also used to tonify kidney in treatment of VaD. Therefore, Yongquan (KI 1) is used not only with other Jing-Well acupoints but also with other types of acupoints, such as other types of specific acupoints, nonspecific acupoints, and acupoints on other parts.
Underlying Molecular Mechanism of the Acupoint with the Most Potential to Treat
VaD. According to our results, Baihui (GV 20), which had the highest frequency, has the most potential to treat VaD. A systematic review and meta-analysis also suggested that Baihui (GV 20) is a principal acupoint for acute intracerebral hemorrhage (ICH); in animal models of acute ICH, there was no difference in efficacy between Baihui (GV 20) alone and Baihui (GV 20) plus other acupoints [23] . Molecular biology studies have provided insights into the mechanisms underlying the effects of Baihui (GV 20) in VaD treatment, including antioxidant effects, antiapoptotic effects, neurotrophic effects, reduced blood-brain barrier (BBB) permeability, and regulation of the cholinergic and dopaminergic systems. Acupuncture at Baihui (GV 20) in combination with other acupoints decreases levels of 8-hydroxy-2 -deoxyguanosine, a product of oxidative damage to DNA induced by free radicals, suggesting that the benefit of acupuncture is partly due to antioxidant effects [11] . Acupuncture exerts therapeutic effects on VaD via antiapoptosis. The tumor suppressors p53 and Noxa are important in regulating apoptosis and mediate hypoxic cell death [24, 25] .
Electroacupuncture at Baihui (GV 20), Dazhui (GV 14), and Shenshu (BL 23) blocks expression of p53 and Noxa in the hippocampal CA1 region of VaD rats [26] . Acupuncture at Baihui (GV 20) can improve neurogenesis via regulating brain-derived neurotrophic factor (BDNF) and cyclic AMP response element-binding protein (CREB). BDNF, which is essential for synaptic plasticity and is coupled to CREB activation [27] , is important for long-term memory storage [28] . CREB is required for the proliferation, growth, survival, and differentiation of all types of cells. In the brain, the CREB and CRE-mediated system is involved in memory, learning, synaptic transmission, neuron survival, differentiation, and axon growth [29] . Acupuncture at Baihui (GV 20) significantly increases the levels of BDNF [15, 30] , CREB proteins, CREB mRNA [30] , and phosphorylated CREB, the active form of CREB [15] . The molecular mechanism underlying acupuncture at Baihui (GV 20) also involves cholinergic system regulation. Decreased cholinergic function in the brain can result in a decline in memory and cognitive function [31] . Acupuncture at Baihui (GV 20) significantly increases the levels of choline acetyltransferase (ChAT) and restores the expression of choline transporter 1 (CHT1) and vesicular acetylcholine transporter (VAChT) [30] . The dopaminergic system is also involved in the mechanism underlying the treatment of VaD with acupuncture at Baihui (GV 20) . Dopamine is a key regulator in specific synaptic changes observed at certain stages of learning and memory and of synaptic plasticity [32] . Acupuncture at Baihui (GV 20) increases dopamine levels in chronic cerebral hypoperfusion and ischemia-reperfusion injured rats [33] . In addition, acupuncture at Baihui (GV 20) and Zusanli (ST 36) preserves the integrity of the BBB, reducing BBB permeability. The BBB is constructed of tight conjunctions, including occludin and claudin-5, which form the endothelial barrier. Reduced expression of ZO-1, claudin-5, and occludin mRNA and protein contributes to BBB breakdown and edema in the ischemic brain [34] . Electroacupuncture at Baihui (GV 20) and Zusanli (ST 36) reduces brain damage and related behavioral deficits via upregulation of tight conjunction proteins, including ZO-1, claudin-5, and occludin [35] . These findings reveal parts of the molecular mechanism underlying acupuncture at Baihui (GV 20) to treat VaD.
Acupoints Selection in Treatment for
VaD. The proper selection of acupoints is essential for the therapeutic effects of acupuncture because acupoints are specific with regard to morphological structure, biophysical properties, pathological response, and stimulating effects [36] . This specificity differentiates acupoints from nonacupoints as well as different acupoints from one another. The specific therapeutic effects of different acupoints have been reported for migraine [37] , functional dyspepsia [38] , ischemic stroke [39] , and so forth.
The specificity of acupoints for the treatment of VaD has also been reported. Phosphorylated CREB levels were significantly increased after acupuncture therapy of needling Baihui (GV 20) and Zusanli (ST 36) compared to sham acupuncture therapy of needling nonacupoints [15] . Baihui (GV 20), Shuigou (GV 26), and Shenmen (HT 7) are all among the 10 acupoints with the most potential. A clinical trial demonstrated that needling Baihui (GV 20), Shuigou (GV 26), and Shenmen (HT 7) were all effective in improving the symptoms of VaD. However, their therapeutic effects differ. Needling Baihui (GV 20) improved calculation ability and short-term memory and corrected the personality changes of VaD patients, while needling Shuigou (GV 26) improved naming ability and short-term memory. The therapeutic effects of needling Baihui (GV 20) and Shuigou (GV 26) were superior to those of needling Shenmen (HT 7) [40] . A PET and SPECT study revealed that needling these three different acupoints in VaD patients affected different brain areas. Needling Baihui (GV 20) activated the inner temporal system, the thalamencephalon system, and the prefrontal cortical system. Needling Shuigou (GV 26) activated the prefrontal cortical system. Needling Shenmen (HT 7) generated an effect similar to but weaker than the effect generated by needling Shuigou (GV 26) [41] . These findings demonstrate that different acupoints have different therapeutic effects in acupuncture treatment for VaD. Consequently, the selection of acupoints, which directly influences the therapeutic effects of acupuncture, should be considered carefully. According to our results based on data mining, Baihui (GV 20), Sishencong (EX-HN 1), Fengchi (GB 20), Shuigou (GV 26), and Shenting (GV 24), which have higher frequencies in the modern literature, may have better therapeutic effects on VaD.
Single Acupoint or Acupoint
Combination. Acupoint combinations also influence the therapeutic effects of acupuncture. An acupoint combination is considered to have a synergistic effect that enhances the therapeutic effect of acupuncture. For example, a lower prevalence of postoperative nausea and vomiting in patients treated with Neiguan (PC 6) plus Hegu (LI 4) was observed compared with those treated with Neiguan (PC 6) only [42] . In spite of extensive evidence suggesting a synergistic effect of acupoint combination and supporting its use, some studies have reported antagonistic effects [43] [44] [45] . An antagonistic effect occurs when one acupoint weakens the therapeutic effect of another acupoint [46] . For example, electroacupuncture can improve gastrointestinal movement in rats. The effect of needling Pishu (BL 20) alone was better than the effect of needling Pishu (BL 20) and Zusanli (ST 36) at the same time [44] . Therefore, whether the effect of acupoint combination is better than a single acupoint still remains a question and needs to be further studied.
Some studies have compared single acupoints and an acupoint combination for the treatment of VaD. The therapeutic effect of needling Baihui (GV 20), Shuigou (GV 26), and Shenmen (HT 7) in combination was better than the effects obtained by needling each alone [40] . In addition, needling Baihui (GV 20), Shuigou (GV 26), and Shenmen (HT 7) simultaneously activated more brain areas related to intellectual activities compared with needling each alone, generating a more extensive effect on the brain [41] . Antagonistic effects in acupuncture therapy for VaD have not been reported but may occur. Most acupuncture prescriptions for VaD contain acupoint combinations, and the use of acupoint combinations is supported. However, acupoint combinations should be selected carefully to avoid antagonistic effects. It is hard to tell whether a combination of acupoints will exert antagonistic effects with current knowledge or TCM theory. As abovementioned, acupoints with similar functions can exert antagonistic effects. There are many acupoints, and the number of acupoint combinations will grow geometrically. To test the antagonistic effects of each combination one by one is an exhausting job. To avoid antagonistic effects as possible, the acupoint prescriptions should be simplified as possible. The general principle is to select acupoints with relatively better therapeutic effects and acupoints with multiple indications and not to select many acupoints.
4.5.
Limitations. This study has limitations as follows. First, other factors that influence acupuncture, such as manipulation and treatment duration, were not analyzed in this study. These data can be further mined in future studies. Second, largely due to the lack of treatment based on syndrome differentiation and different methods of syndrome differentiation in modern literature, potential acupoints and combinations for different syndromes of VaD were not analyzed. Although treatment based on syndrome differentiation is important and is often emphasized in TCM, treatment based on disease differentiation is equally important. Third, the real therapeutic effects of acupoints and combinations on VaD cannot be reflected by frequencies in the literature. However, these results suggest some potential acupoints and combinations to Evidence-Based Complementary and Alternative Medicine 11 be explored in future clinical trials to validate the effects of acupuncture on VaD. To optimize the acupoint prescription, data may be extracted not only from literature, but also from clinical practice. Further research can collect acupoint prescriptions and symptom improvements in clinical practice and optimize acupoint prescription with data mining. Mining clinical data has been practiced to optimize prescription of Chinese herbal medicine for unstable angina by Feng et al. [47] . In their study, five main symptoms of patients with unstable angina, the severity of each symptom, and the prescription of each patient were collected. The levels of average discounted reward (ADR) of different prescriptions were calculated to evaluate the clinical efficacy of different treatment options, with some optimized prescriptions achieved. Future studies can mine clinical data to optimize acupoint prescription.
Conclusions
In this study, data mining was used to discover potential acupoints and combinations for VaD. 
